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The evolution of sex roles in mate searching
Fromhage, Lutz ; Jennions, Michael ; Kokko, Hanna
Abstract: Searching for mates is a critical stage in the life cycle of most internally, and many externally,
fertilizing species. Males usually invest more in this costly activity than females, but the reasons for this
are poorly understood. Previous models have shown that female-biased parental investment, including
anisogamy, does not by itself select for male-biased mate searching, so it requires additional explanations.
Here, we correct and expand upon earlier models, and present two novel hypotheses that might explain
the evolution of male-biased mate searching. The “carry-over hypothesis” states that females benefit less
from searching if the associated costs affect other stages of the life cycle, rather than arising only while
searching. It is relevant to the evolution of morphological traits that improve searching efficiency but are
also expressed in other contexts. The “mating window hypothesis” states that females benefit less from
searching if their life cycle includes intervals during which the exact timing of mating does not matter
for the appropriate timing of reproduction (e.g., due to sperm storage or delayed embryo implantation).
Such intervals are more likely to exist for females given the general pattern of greater female parental
investment. Our models shed new light on classic arguments about sex role evolution.
DOI: https://doi.org/10.1111/evo.12874
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effort	(y)	jointly	affect	the	search	outcome.	We	use	two	forms	of	this	function:	the	additive	case	121	 𝑓 𝑥,𝑦 = 𝑥 + 𝑦	describes	situations	where	sufficient	search	effort	in	one	sex	may	remove	the	122	
need	to	search	in	the	other	sex.	The	multiplicative	case	𝑓 𝑥,𝑦 = 𝑥𝑦	describes	situations	where	123	
both	sexes	must	invest	some	effort	in	order	to	meet.	To	control	how	fast	mortality	increases	with	124	




mutant’s	k,	as	 𝑢!𝑣! !!!,!!"!,! 	(Caswell	1978;	Pen	and	Weissing	2000),	where	u	is	the	dominant	right	130	
eigenvector	containing	stable	state	frequencies,	and	v	is	the	dominant	left	eigenvector	containing	131	







	!!!! = (2𝑔 − 1+ !!!!!!)𝑚! − 𝜇!!			 	 	 	 	 	 	 (2a)	139	
v ⋅Q = 0 Q ⋅u = 0
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Here,	1/𝐿	is	the	rate	at	which	females	transition	from	time-lag	to	the	‘processing	state’	(now	in	176	
row	and	column	one;	see	fig.	1).	The	term		𝜌 𝑥,𝛽 = !/!!/!!!!	is	the	probability	of	surviving	a	time-177	




spend	the	time-lag	in	time-out,	so	that	𝑛 = 1.	In	the	polyandry	case,	for	simplicity,	we	substitute	181	 𝜇!	with	𝜇!	and	mL	with	m,	implying	that	females	spend	the	time-lag	behaving	like	unmated,	time-182	
in	females.	Offspring	are	produced	during	the	transition	from	time-lag	to	processing	state.	In	183	
elements	q2,4	and	q4,4	,	males’	reproductive	success	per	mating	is	discounted	by	the	probability	 	184	
that	their	mate	survives	to	reproduce,	and	by	average	paternity	1/n.	Female	fitness	is	now	185	 𝑊 𝑥,𝛽 = !"!!!"#		,	and	male	fitness	is	𝑊 𝑦,𝛽 = !!!!! ∙ !!		where	the	factor	𝜌/𝑛	accounts	for	186	
shared	paternity	and	female	death	before	reproduction.	Using	the	‘Fisher	condition’	requirement	187	
that	average	male	and	female	fitness	are	linked	by	the	primary	sex	ratio	r,	we	calculate	the	188	
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costs	apply	in	time-out:	𝜇! 𝑥 = 0.1(1+ 𝑥!.!)	and	𝜇! 𝑥 = 0.1(1+ 0.1𝑥!.!)	for	females,	versus	415	 𝜇! 𝑦 = 0.1(1+ 𝑦!.!)	and	𝜇! 𝑥 = 0.1(1+ 0.1𝑦!.!)	for	males.	b)	Basic	model	with	asymmetric	416	
costs:	females	incur	10%	higher	search-related	mortality	during	time-in	than	males:	𝜇! 𝑥 =417	 0.1(1+ 1.1𝑥!.!)	;	𝜇! 𝑦 = 0.1(1+ 𝑦!.!).	c)	Mating	window	model	with	monandry.	d)	Mating	418	







settings:	𝑇 = 𝑇 = 0.01,	𝜇! = 𝜇! = 0.1,	𝑐 = 1.2.	Search	efforts	are	multiplicative,	f	=	x	y.	426	
